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(57) ABSTRACT

A liquid processing apparatus includes a first line to which a
processing liquid pressurized by a pump is sent from a pro-
cessing liquid supply source; a plurality of second lines into
which the pressurized processing liquid flowing through the
first line flows; a branch line connected to a branch point on
each ofthe second lines; a liquid processing unit configured to
process a substrate with the processing liquid; an orifice pro-
vided at an upstream side of the branch point; and a first
control valve provided at a downstream side of the branch
point. The first control valve changes an amount of the pro-
cessing liquid flowing to a downstream side of the first control
valve to control a pressure of the processing liquid in a section
between the orifice of the second line and the first control
valve, and to control a flow rate of the processing liquid.

4 Claims, 3 Drawing Sheets
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1
LIQUID PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority from Japa-
nese Patent Application No. 2013-173759, filed on Aug. 23,
2013 with the Japan Patent Office, the disclosure of which is
incorporated herein in its entirety by reference.

TECHNICAL FIELD

The present disclosure relates to atechnique for controlling
a flow rate of a processing liquid supplied to a liquid process-
ing unit in a liquid processing apparatus in which a predeter-
mined liquid processing is performed on a substrate.

BACKGROUND

In manufacturing semiconductor devices, a liquid process-
ing such as, for example, a cleaning processing or a wet
etching processing is performed on a substrate such as a
semiconductor wafer. In order to perform such a liquid pro-
cessing, a liquid processing system provided with a plurality
ofliquid processing modules (liquid processing units) is used.
The liquid processing system is provided with a processing
liquid storing tank, a circulation line that goes out of the
processing liquid storing tank and goes back to the processing
liquid storing tank, and a pump configured to form a flow of
a pressurized processing liquid in the circulation line. A plu-
rality of branch lines branches in parallel from the circulation
line, and the processing liquid is supplied to each of the liquid
processing modules from the branch lines. A flowmeter and a
flow control valve are interposed in each of the branch lines.
Based on a detection value of the flowmeter, a feedback
control of the flow control valve is performed such that a flow
rate of the processing liquid supplied to a substrate by the
liquid processing module becomes a desired value (see, for
example, Japanese Patent No. 3841945).

When a valve body of the flow control valve is moved
frequently in the feedback control, particles may be generated
inside the flow control valve. The generated particles are
supplied to a substrate along with the processing liquid pass-
ing through the branch lines. Here, when the particles are
generated at a problematic level, it is necessary to provide a
filter to remove the particles. However, provision of a filter
causes a problem in that a regular maintenance of the filter is
required.

SUMMARY

In a suitable exemplary embodiment, the present disclo-
sure provides a liquid processing apparatus including: a first
line connected to a processing liquid supply source; a pump
configured to send a processing liquid from the processing
liquid supply source to the first line; a plurality of second lines
connected to the first line; a branch line connected to a branch
point on each of the plurality of second lines; a liquid pro-
cessing unit configured to perform a liquid processing on a
substrate with the processing liquid supplied through each
branch line; an orifice provided at an upstream side of the
branch point on each of the plurality of second lines; and a
first control valve provided at a downstream side of the branch
point on each of the plurality of second lines. The first control
valve changes an amount of the processing liquid flowing to
a downstream side of the first control valve to control a
pressure of the processing liquid in a section between the
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2

orifice of a corresponding second line and the first control
valve, and to control a flow rate of the processing liquid
supplied to the corresponding liquid processing unit through
the corresponding branch line.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating a processing liquid circuit of a
liquid processing apparatus according to a first exemplary
embodiment.

FIG. 2 is a view for explaining an operation of the first
exemplary embodiment.

FIG. 3 is a view illustrating a processing liquid circuit of a
liquid processing apparatus according to a second exemplary
embodiment.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawing, which form a part hereof. The
illustrative embodiments described in the detailed descrip-
tion, drawing, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

The present disclosure provides a liquid processing appa-
ratus in which particles that may be generated from a control
valve for flow control of a processing liquid supplied to a
liquid processing unit is not supplied to the liquid processing
unit.

In a suitable exemplary embodiment, the present disclo-
sure provides a liquid processing apparatus including: a first
line connected to a processing liquid supply source; a pump
configured to send a processing liquid from the processing
liquid supply sourceto the first line; a plurality of second lines
connected to the first line; a branch line connected to a branch
point on each of the plurality of second lines; a liquid pro-
cessing unit configured to perform a liquid processing on a
substrate with the processing liquid supplied through each
branch line; an orifice provided at an upstream side of the
branch point on each of the plurality of second lines; and a
first control valve provided at a downstream side of the branch
point on each of the plurality of second lines. The first control
valve changes an amount of the processing liquid flowing to
a downstream side of the first control valve to control a
pressure of the processing liquid in a section between the
orifice of a corresponding second line and the first control
valve, and to control a flow rate of the processing liquid
supplied to the corresponding liquid processing unit through
the corresponding branch line.

The above-described liquid processing apparatus may fur-
ther include a flowmeter provided on each of the branch lines;
and a control unit configured to control the corresponding
first control valve based on a flow rate detected by the flow-
meter to control the flow rate of the processing liquid flowing
through the corresponding branch line.

In the above-described liquid processing apparatus, the
processing liquid supply source is a tank configured to store
the processing liquid, and a portion at the downstream side of
the branch point of each of the second line is communicated
with the tank.
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In the above-described liquid processing apparatus, the
processing liquid supply source is a tank configured to store
the processing liquid, and the first line is formed as a circu-
lation line which goes out of the tank and goes back to the
tank.

In the above-described liquid processing apparatus, a sec-
ond control valve is provided in the first line at a downstream
side of a connection point to the first line of the second line
which is connected to the first line at the most downstream
side of the first line such that the second control valve changes
an amount of the processing liquid flowing to a downstream
side of the second control valve to control a pressure in the
first line at an upstream side of the second control valve.

According to the present disclosure, since it is not neces-
sary to interpose a control valve for flow control in the branch
line, particles that may be generated from such a control valve
do not flow in the liquid processing unit.

Hereinafter, exemplary embodiments of the present disclo-
sure will be described with reference to the accompanying
drawings. A first exemplary embodiment will be first
described.

A liquid processing apparatus is provided with a tank 102
serving as a processing liquid supply source. The processing
liquid tank 102 is connected with a main line (first line) 104.
The main line 104 is provided with a pump 106, a filter 108,
and a heater 110 in this order from an upstream side thereof.
The pump 106 sends a processing liquid, which is stored in
the tank 102, in a pressurized state towards a downstream side
of the main line 104. The filter 108 removes contaminants
such as particles from the processing liquid. The heater 110
heats the processing liquid to a predetermined temperature.
When the processing liquid is used at a normal temperature,
the heater 110 may not be provided. The tank 102 is replen-
ished with a processing liquid or a processing liquid compo-
nent from a replenishment device 112, as necessary. The
processing liquid in the tank 102 may be drained through a
drain line 114 provided with an opening/closing valve 116.
For convenience of explanation, the “main line (first line)” is
used to refer to a portion indicated by a bold line.

At a plurality of connection points 118 set on the main line
104, the main line 104 is connected with a plurality of sub-
sidiary lines (second lines) 121. Downstream ends of the
plurality of subsidiary lines 121 are connected to the tank 102.

In the exemplary embodiment illustrated in FIG. 1, the
downstream ends of the plurality of subsidiary lines 121 are
joined with each other and then connected to the tank 102.
However, the downstream ends of the plurality of subsidiary
lines 121 may be connected to the tank 102 separately.

One subsidiary line 121 is provided with an opening/clos-
ing valve 122, an orifice 123, and a first control valve 124 (to
be described later in detail) sequentially from an upstream
side thereof. At a branch point 125 set in a downstream side of
the orifice 123 of the subsidiary line 121 and in an upstream
side of the first control valve 124, the subsidiary line 121 is
connected with a branch line 126. The branch line 126 is
provided with a flowmeter 127 and an opening/closing valve
128 sequentially from an upstream side thereof. Downstream
ends of the branch line 126 is connected with a processing
liquid nozzle 130 provided in a liquid processing unit 129
(also referred to as a ‘liquid processing module’). The sub-
sidiary line 121 is provided with a thermometer 131 between
the orifice 123 and the branch point 125.

The liquid processing unit 129 is configured to perform a
predetermined processing on a substrate such as a semicon-
ductor wafer by supplying the processing liquid from the
processing liquid nozzle 130 to the substrate. The liquid pro-
cessing unit 129 includes, for example, a spin chuck (not
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illustrated) configured to hold and rotate the substrate, and a
receiving cup (not illustrated) surrounding the periphery of
the substrate to receive the processing liquid scattered from
the substrate.

Components provided in connection with each subsidiary
line 121 (the members represented by reference numerals 121
to 130) are the same as each other. A set of the components
121 to 130 associated with each subsidiary line 121 is repre-
sented by a reference numeral 120.

The first control valve 124 may be a valve of any type
having a function to change an amount of the processing
liquid flowing to an outlet (downstream side) of the first
control valve 124 such that a pressure at an inlet (upstream
side) thereof is maintained at a predetermined target pressure.
The first control valve 124 may be, for example, a back
pressure valve.

The liquid processing apparatus is provided with a control
device 4. The control device 4 is, for example, a computer,
and includes a control unit 18 and a storage unit 19. The
storage unit 19 stores a program that controls various pro-
cessings performed in the liquid processing apparatus. The
control unit 18 controls the operations of the liquid process-
ing apparatus by reading and executing the program stored in
the storage unit 19.

Further, the program may be recorded in a computer-read-
able recording medium, and installed from the recording
medium to the storage unit 19 of the control device 4. The
computer-readable recording medium may be, for example, a
hard disc (HD), a flexible disc (FD), a compact disc (CD), a
magnet optical disc (MO), or a memory card.

Next, actions will be described with reference to FIG. 2. In
the following, in order to distinguish the same elements
belonging to different sets, symbols ‘A’, ‘B’, and ‘C’ will be
accompanied to the ends of the reference numerals as neces-
sary. FIG. 2 illustrates only a part related to component sets
120A, 120B, which is extracted from the processing liquid
circuit illustrated in FIG. 1. Here, it is assumed that the same
liquid processing is performed on a substrate in each of liquid
processing units 129A, 129B. The opening/closing valve 122
is always opened during normal operation of the liquid pro-
cessing apparatus, and is closed only in a special case such as
maintenance.

Here, a pressure P, , at an upstream side of an orifice 123A
of'a subsidiary line 121A is set to 140 kPa. Further, a pressure
P, 5 at an upstream side of an orifice 123B of a subsidiary line
121B is setto 150kPa. Such a difference between the pressure
P, , and the pressure P, ; is generated, for example, due to a
difference in water head near connection points 118A, 118B,
which is caused by a difference between heights where the
liquid processing units 129A, 129B are provided.

Target flow rates Q,5q,, Q305 Of the processing liquids
ejected from processing nozzles 130A, 130B of the liquid
processing units 129A, 129B are set to be the same and
constant, respectively. Here, for example, the target flow rates
Q1504 Q305 are set to be Q,50,~Q,305=2.5 L/min In the
example as illustrated, variable flow adjusting units are not
provided on branch lines 126 A, 12B of the respective sets
120A, 120B. Accordingly, the flow rates of the processing
liquids ejected from the processing nozzles 130A, 130B
monotonically increase (decrease) in accordance with an
increase (decrease) in pressures P, ,, P, of regions between
orifices 123A, 123B and first control valves 124A, 124B in
the subsidiary lines 121A, 121B, respectively.

The pressure P, and the pressure P,z required to realize
Q150.~Q1505=2.5 L/min, that is, target pressures are the same
as each other. Here, the target pressures are set to 100 kPa. In
this case, a pressure drop of 140-100=40 kPa may occur in
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the orifice 123 A. In addition, a pressure drop of 150-100=50
kPa may occur in the orifice 123B. Differences in pressure
between inlets and outlets of the orifices 123A, 123B, P, ,-
P, 4, P,5-P,5, monotonically increase (decrease) in accor-
dance with an increase (decrease) in flow rates Q,,5 4, Q535
of the processing liquids passing through the orifices 123A,
123B. As differences between the actual pressures P, ,, P,z
and the target pressure (100 kPa) increase, the flow rates
Q1544 Q245 0f the processing liquid passing through the first
control valves 124A, 124B configured as back pressure
valves increase. And, since the flow rates Q. ... Qisuz
increase, flow rates Q5 4, Q.55 also increase. Accordingly,
the pressure P, , and the pressure P,z automatically converge
to the target pressure. Various values described in FIG. 2 are
those obtained after the pressure P,, and the pressure P,
automatically converge to 100 kPa which is the target pres-
sure. For example, the flow rate Q,,, , is equal to 0.5 L/min,
the flow rate Q.5 is equal to 1.0 L/min, the flow rate Q,,5,
is equal to 3.0 L/min, and the flow rate Q,,;z is equal to 3.5
L/min.

As described above, cooperative actions of the orifices
123A, 123B and the first control valve 124 formed as a back
pressure valve allow the pressure P, , and the pressure P, to
be maintained at the target pressure, and the flow rates of the
processing liquids supplied from the processing nozzles
130A, 130B to be controlled to be the target flow rate.

The processing liquids passing through the first control
valves 124A, 124B are returned to the tank 102, and sent
again from the tank 102 to the main line 104.

When it is not necessary to supply the processing liquid to
the liquid processing unit 129, particularly, for example,
when the liquid processing unit 129 does not perform a liquid
processing (e.g., when performing a processing using a pro-
cessing liquid supplied from another processing liquid cir-
cuit, when drying the substrate, or when exchanging the sub-
strate), the opening/closing valve 128 of one of the
component sets 120A to 120C to which the liquid processing
unit 129 belongs, may be closed. Then, the processing liquid
does not flow through the processing nozzle 130. Instead, an
amount of the processing liquid flowing through the first
control valve 124 increases substantially by that amount. For
example, in the example illustrated in FIG. 2, when the open-
ing/closing valve 128 A of the component set 120A is closed,
the processing liquid does not flow through the processing
nozzle 130A. Instead, an amount of the processing liquid
flowing through the first control valve 124A increases sub-
stantially by that amount. Thus, the amount of the processing
liquid becomes about 3.0 L/min. Further, in this case, the
pressure between the orifice 123 A and the first control valve
124A is also maintained at the above-mentioned target pres-
sure (100 kPa) by the first control valve 124 A formed as a
back pressure valve.

As is clear from the above, the amount of the processing
liquid flowing into the subsidiary line 121 from the main line
104 becomes substantially the same, regardless of whether or
not the processing liquid is supplied to the liquid processing
unit 129 belonging to any one of the component sets 120A to
120A. Therefore, since it is not necessary to change the
amount of the processing liquid to be sent to the main line 104
by the pump 102 depending on the operation state of the
processing unit 129 of each of the component sets 120A to
120C, the pump 102 may be stably operated. Further,
although descriptions for the actions related to the component
set 120C are omitted, it is of course that the component set
120C acts in the same manner as the component sets 120A,
120B.
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In the exemplary embodiment described above, the first
control valve 124 is a back pressure valve, but, instead of that,
the first control valve 124 may serve as a variable throttle
valve. In this case, the degree of opening of the variable
throttle valve 124 may be feedback-controlled through, for
example, the control device 4 by providing a pressure gauge
(not illustrated) configured to measure a pressure P, in a
section between the variable throttle valve 124 and the orifice
123 in the subsidiary line 121, such that the detected pressure
of'the pressure gauge reaches a target value (for example, 100
kPa as described above).

Alternatively, based on a detected flow rate of the flowme-
ter 127, the flow rate of the processing liquid supplied from
the processing liquid nozzle 130 may be controlled to be the
target flow rate by adjusting the degree of opening of the
variable throttle valve 124 such that the detected flow rate
reaches a target value (for example, 2.5 [./min as described
above) through, for example, the control device 4. In prin-
ciple, the performance in this case is exactly the same as in the
exemplary embodiment as described above. That is, when the
pressure P, is higher (lower) than the target pressure, the
detected flow rate of the flowmeter 127 becomes higher
(lower) than the target flow rate. Therefore, in this case, when
the degree of opening of the variable throttle valve 124
increases (decreases), the flow rate of the processing liquid
passing through the variable throttle valve increases (de-
creases), and hence, the flow rate of the processing liquid
passing through the orifice 123 A increases (decreases). As a
result, the pressure P, converges to the target pressure.

However, in this case, when the liquid processing unit 129
belonging to a component set to which the variable throttle
valve 124 belongs does not perform a liquid processing on a
substrate, it may be desirable to maintain the amount of the
processing liquid flowing through the subsidiary line 121
belonging to the component set at a substantially constant
target flow rate. In such a case, for example, it is necessary to
take the following measures. As a first measure, a flowmeter
is provided on the subsidiary line 121, and the degree of
opening of the variable throttle valve 124 is feedback-con-
trolled through, for example, the control device 4 such that a
detected value of the flowmeter reaches the target flow rate.
As a second measure, (although some variation may occur in
the flow rate) when the liquid processing unit 129 belonging
to a component set to which the variable throttle valve 124
belongs does not perform a liquid processing on a substrate, a
command that causes the variable throttle valve 124 tobeina
predetermined degree of opening is assigned to the variable
throttle valve 124 from the control device 4.

Further, as described above, in a case where a variable
throttle valve (which may be a back pressure valve capable of
varying a primary target pressure by an electric control) is
employed as the first control valve 124, when a heated pro-
cessing liquid is used, a temperature adjustment of a subsid-
iary line 121 may be performed by adjusting a flow rate of the
processing liquid flowing through a subsidiary line 121 when
the processing liquid is not supplied to a liquid processing
unit 129 belonging to any one of the component sets 120A to
120C to which the subsidiary line 121 belongs. In this case,
when a temperature measured by the thermometer 131 is
lower (higher) than a predetermined value, the flow rate of the
processing liquid flowing through the subsidiary line 121
increases (decreases) by adjusting the degree of opening of
the variable throttle valve 124 through, for example, the con-
trol device 4.

In another exemplary embodiment, as illustrated in F1G. 3,
the main line 104 may be formed as a circulation line depart-
ing from the tank 102 and returning to the tank 102. In this
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case, a second control valve 134 may be provided at a down-
stream side of the connection point 118 to the main line 104
of'the subsidiary line 121 which is connected to the main line
104 at the most downstream side of the main line 104. The
second control valve 134 has a function to adjust a pressure in
the main line 104 at an upstream side of the second control
valve 134 by changing an amount of the processing liquid
flowing to a downstream side of the second control valve 13.
The second control valve 134 may be, for example, a back
pressure valve, and maintains, for example, the pressure in the
main line 104 at an inlet of the back pressure valve at 150 kPa.
The second control valve 134 may be a variable throttle valve.
According to the configuration as illustrated in FIG. 3, the
second control valve 134 may further stabilize the pressure in
the main line 104.

The exemplary embodiments of the present disclosure
have been described, but the present disclosure is not limited
to the exemplary embodiments. For example, the substrate
may be any substrate such as, for example, a glass substrate or
a ceramic substrate, other than the semiconductor wafer. The
number of component sets is not limited to three (3) as illus-
trated, and may be any number of one or more.

From the foregoing, it will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifica-
tions may be made without departing from the scope and
spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims.

What is claimed is:

1. A liquid processing apparatus comprising:

a first line connected to a processing liquid supply source;

a pump configured to send a processing liquid from the
processing liquid supply source to the first line;

a plurality of second lines connected to the first line;

a branch line connected to a branch point on each of the
plurality of second lines;
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a liquid processing unit configured to perform a liquid
processing on a substrate with the processing liquid
supplied through each branch line;

an orifice provided at an upstream side of the branch point
on each of the plurality of second lines;

a first control valve provided at a downstream side of the
branch point on each of the plurality of second lines;

a flowmeter provided on each of the branch lines; and

a control unit configured to control a corresponding first
control valve based on a flow rate detected by the flow-
meter to control the flow rate of the processing liquid
flowing through a corresponding branch line,

wherein the first control valve changes an amount of the
processing liquid flowing to a downstream side of the
first control valve in order to control a pressure of the
processing liquid in a section between the orifice of a
corresponding second line and the first control valve,
and a flow rate of the processing liquid supplied to the
corresponding liquid processing unit through the corre-
sponding branch line.

2. The liquid processing apparatus of claim 1, wherein the
processing liquid supply source is a tank configured to store
the processing liquid, and a portion at the downstream side of
the branch point of each of the plurality of second lines is
communicated with the tank.

3. The liquid processing apparatus of claim 1, wherein the
processing liquid supply source is a tank configured to store
the processing liquid, and the first line is formed as a circu-
lation line which goes out of the tank and goes back to the
tank.

4. The liquid processing apparatus of claim 3, wherein a
second control valve is provided in the first line at a down-
stream side of'a connection point to the first line of each of the
second lines which is connected to the first line at the most
downstream side of the first line such that the second control
valve changes an amount of the processing liquid flowing to
a downstream side of the second control valve to control a
pressure in the first line at an upstream side of the second
control valve.



